Currently, inorganic nitrogen fertilizer becomes a serious threat to the environment and human health. Thus, finding alternate source of nitrogen is a viable option in assuring sustainable agricultural system. Biological nitrogen fixation is a critical and key process in sustainable agricultural systems in tropical soils, which are frequently deficient in N and susceptible to leaching of plant nutrients. This process transforms atmospheric nitrogen to ammonia, nitrate and nitrogen dioxide. Several key abiotic and biotic factors limit legume productivity and biological nitrogen fixation in World agriculture, especially in sub-Saharan Africa. Within the soil, rhizobia frequently encounter various stresses that affect their growth, initial steps of symbiosis and capability of nitrogen fixation. Biotic and abiotic stresses impose a major threat to agriculture and symbiotic nitrogen fixation is dependent on host cultivar and rhizobia, but as well may be limited by pedoclimatic factors. The most common factors affecting biological nitrogen fixation and symbiosis activity in western parts of Ethiopia are soil acidity, quality of inoculants and low soil fertility. In most cases, the microsymbiont is the more affected partner, with plants growing on mineral N usually less sensitive to these stresses. Thus, it can be concluded that, particularly in a western part of Ethiopia, many studies should be focused on acidity related constraints on biological nitrogen fixation, screening of acid tolerant inoculants and low soil fertility improvements to enhance biological nitrogen fixation in smallholder farming system.
INTRODUCTION
The population of sub-Saharan Africa is projected to double in coming 2050 and increases in food production are much needed (World Bank, 2014) . As the potential to expand agricultural land is limited in many areas with high population densities, sustainable intensification of agricultural production is crucial (Ronner et al., 2016) . A potential pathway for sustainable intensification is the integration of grain legumes in farming systems (Peoples et al., 1995) . Legumes have the capacity to fix nitrogen from the air in symbiosis with Rhizobium bacteria. Legumes can therefore contribute to improved soil fertility through biological nitrogen fixation and enhance nutrient release from organic matter decompositions in maize dominated cropping systems in Western Ethiopia.
Biological nitrogen fixation (BNF) is the process in which nitrogen gas (N 2 ) from the atmosphere is incorporated into the tissue of legume plants, with the help of soil microorganisms. It is important for smallholder farmers as it is relatively cheaper source of N compared to inorganic fertilizers, less prone to losses through leaching and denitrification (Mhango et al., 2017) . The ability of legumes to fix N 2 and its ability to produce nodules, has brought about its important and uniqueness (Wilcox and Shibles, 2001) . During formation and emergence of root hairs, N 2 fixation is affected by many factors such as the presence and density of nodulating bacteria in the root zone, the physical and chemical properties such as humidity, temperature, and salt concentration in the soil, pH levels and deficiencies of several mineral nutrients (Abdul-Jabbar and Saud, 2012) .
Legumes are unique for their ability to fix nitrogen from atmosphere by symbiotic relationship with Rhizobium bacteria (Giller, 2001 ). Rhizobia require a plant host; therefore, they cannot independently fix nitrogen. These bacteria are located around root hair and fix atmospheric nitrogen using particular enzyme called nitrogenase (Coskan and Dogan, 2011) . When this mutualistic symbiosis is established, rhizobia can use plant resources for their own reproduction whereas fixed atmospheric nitrogen is used to meet nitrogen requirement of both itself and the host plants. Supply of nitrogen through biological nitrogen fixation has ecological and economical benefits (Ndakidemi et al., 2006) . BNF offers an economically attractive and ecologically sound means of improving crop yield, reducing external N inputs and enhancing the quality of soil resources which consequently reduce the dependence on mineral fertilizers that could be costly and unavailable to smallholder farmers (Massawe et al., 2016) . Leguminous crops can hold promise in this regard.
The use of legumes is a promising option of increasing yields, profits and nutrition for smallholder farmers in subSaharan Africa (SSA), especially in areas where soil nutrient availability is low. They increase soil fertility due their ability to establish symbiotic associations with soil microorganisms, known as rhizobia, capable of fixing nitrogen from the atmosphere (Ahmad et al., 2013; Mhango et al., 2017) . However, they are frequently exposed to biotic and abiotic stress conditions such as legume genotype, pesticide, various climatic and edaphic factors as well as the status of native rhizobia in the soil. Inoculation might be necessary to overcome the latter constraint. Solomon et al. (2012) indicated that legumes Dabessa et al. 123 can obtain between 50 and 80% of their nitrogen requirements through BNF. However, the success of inoculation depends not only on high quality inoculants and good inoculation practices but also on the establishment of effective and efficient BNF through optimization of the factors that affect its performance such as legume genotype, climatic, edaphic and management factors (Giller, 2001) . Therefore, BNF is important for smallholder farmers as it is relatively cheaper source of nitrogen compared to inorganic fertilizers, less prone to losses through leaching and denitrification. Recently, a diversity of legumes including soybean, common bean, groundnut, pigeon pea and cowpea are the major food legume crops that have been produced in sub-humid tropics of western Ethiopia but the average yield of these legumes are below their potential yield. Thus, there is a need to conduct a study that will explore the response of legumes inoculated with rhizobia, soil acidity amelioration, and response to nutrients (both macronutrients and micronutrients) on nitrogen fixation so as to add knowledge on existing information. Furthermore, studies are also required to quantify the amount of nitrogen that can be fixed by specific legumes in different environments and cropping systems. Therefore, the objective of this review was getting an overview of biotic and abiotic stresses that limit biological nitrogen fixation in legumes particularly in western Ethiopia.
ABIOTIC FACTORS
BNF is one of the important soil microbial activities which is affected by all ongoing processes in soil as well as other soil microorganisms. BNF process depends on the occurrence and survival of Rhizobium in soils and also on its efficiency (Adamovich and Klasens, 2001) . The rate of nitrogen fixation was affected by many different physiological and environmental factors in soil, such as temperature, water holding capacity, water stress, salinity, nitrogen level, pH and other nutrients. Many of these factors, including temperature, affect many aspects of nitrogen fixation and assimilation, as well as factors such as respiratory activity, gaseous diffusion and solubility of dissolved gases, which ultimately affect plant growth (Coskan and Dogan, 2011) .
Establishment of effective N 2 fixing symbiosis between legumes and their N 2 fixing bacteria is dependent upon many environmental factors, and can be greatly influenced by farm management practices (Peoples et al., 1995) . There are several environmental factors affecting BNF. The severe environmental conditions such as salinity, unfavorable soil pH, nutrient deficiency, mineral toxicity, extreme temperature conditions, low or extremely high levels of soil moisture, inadequate photosynthesis, and disease conditions can affect the plant growth and development. As a result, even the persistent Rhizobium strains will not be able to perform root infection and N 2 -fixation in their full capacity (Panchali, 2011) .
High soil temperatures
Temperature has a profound influence of N 2 metabolism. Little activity is observed at low temperature and warming promotes the microbial N 2 fixation and uptake of fixed gas (Saha et al., 2017) . The plant nitrogenase activity reduces dramatically as a result of formation of ineffective nodules at high temperature (40°C) (Hungria and Franco, 1993; Hungria and Vargas, 2000) . In addition, the relative activity of the rhizobia is altered by temperature, so that Rhizobium that is highly effective at specified range of temperature is less active at another range of temperatures. For these reasons, greater nitrogen gains probably can be achieved by improvements in the heat resistance of the symbiosis. The optimum temperatures for growth in culture vary among strains and species, values between 27 to 39°C have been noted. The maximum temperatures are generally 35 to 39°C, but proliferation may take place up to 42°C (Al-Falih, 2002) . Rhizobial survival in soil exposed to high temperature is greater in soil aggregates than in non-aggregated soil and is favored by dry rather than moist conditions (Zahran, 1999) .
Soil moisture
The moisture stress can adversely affect the nodule functions. The drought conditions can reduce nodule weight and nitrogenase activity. After exposure to the moisture stress for 10 days, the nodule cell wall started to degrade resulting in senescence of bacteroids (Ramos et al., 2003) . The occurrence of rhizobial populations in desert soils and the effective nodulation of legumes growing there in emphasize the fact that rhizobia can exist in soils with limiting moisture levels. Viable strains of Rhizobium usually cannot tolerate or function under high levels of osmotic stress caused by drought. N 2 -fixing legumes are especially sensitive to water deficit and other environmental stresses, with drought being one of the major environmental factors affecting plant productivity (Zahran, 1999; Niste et al., 2013) . Nodules and N 2 fixation response to water stress depends on the stage of plant development. Water stress during growth has a direct effect on the development of nodules than in other stages and the possibility of recovery is almost impossible. Thus, in Western Ethiopia, there is no shortage of moisture that limits BNF because the area receives enough average annual rainfall.
Pesticide applications
The compatibility of rhizobia with pesticides is poorly understood except for fungicides. Insecticides have little adverse effect on nodulation when not directly applied on seed. The effect of herbicides on rhizobial survival is unknown. However, studies have shown the incompatibility between Bradyrhizobium species and practices of seed treatment with fungicides and insecticides in soybean (Rampim et al., 2015) . Seed treatment with pesticides, especially fungicides may rapidly kill the inoculated bacteria, affecting the establishment and outcome of the symbiosis (Araujo et al., 2017) . The compatibility of legume strains with different pesticides was not studied in Ethiopia in general and in western Ethiopia in particular. All farmers in maize belt areas of western Ethiopia are using pre-emergence herbicide like glyphosate in order to control weeds. Due to the variability of the effect it is recommended to test the particular Rhizobium inoculum and its behavior in respect to the product to be used, before application. The effect of pesticide on N 2 fixation should be minimized by separate placement of rhizobia and pesticide. Thus, the compatibility of herbicides with legume inoculants should be studied to generate information for herbicide users, especially on legume fields.
Soil acidity
Acidity refers to concentration of hydrogen cations in a soil solution (FAO, 2006) . The natural pH of a soil depends on the nature of the material from which it was developed (TSO, 2010) . In soils of low pH, containing high amounts of Al and Fe oxides, P is deficient in the soil solution because it is precipitated or surface adsorbed with Al and Fe as insoluble compounds (Kanyanjua et al., 2002) . Several other essential plant nutrients, which are present in the soil solution as cations, are deficient. In acid soils, soybean is affected directly and indirectly. These effects include injury on plant roots therefore reducing water and nutrient uptake, reduced availability of essential plant nutrients, toxicity of Al and Mn; and survival of microorganisms in the soil (Crawford et al., 2008) .
Soil acidity has become a serious threat to crop production in most highlands of Ethiopia in general and in the South, South western and western part of the country in particular. About 41% of potential arable land of Ethiopia is acidic (Workneh, 2013) . Currently, it is estimated that about 67% of the total arable land of Wollega is affected by soil acidity (Abdenna et al., 2007) . Soil acidity has long been known to decrease symbiotic nitrogen fixation in legumes, negatively affecting growth and yield, especially in plants depending exclusively on symbiosis to acquire nitrogen (Mohammadi et al., 2012; Bekere et al., 2013) . Soil acidity constrains symbiotic N 2 fixation (Munns, 1986) , limiting Rhizobium survival and persistence in soils and reducing nodulation and causes nutrient imbalance (Foy, 1984; Abubakari et al., 2016) .
Increased soil acidity may lead to reduced yields, poor plant vigour, and nodulation of legumes. The activities of rhizobia in the legume root rhizosphere can be reduced by the extreme soil pH or low soil pH. The characteristics of highly acidic soils (pH < 4) are low level of phosphorus, calcium, and molybdenum along with aluminum and manganese toxicity, which affects both plant and the rhizobia (Bordeleau and Prevost, 1994; Ferreira et al., 2016) . As a result, under low soil pH conditions, nodulation and N fixation are more severely affected than the plant growth.
To enable crop production in acid soils, several means to correct nutrient deficiency can be adopted. These include liming, addition of organic matter, and fertilization with mineral fertilizer (Onwango et al., 2010; Masarirambi et al., 2012 (Onwongo et al., 2008) . Soybean as leguminous crop relies on microbial nitrogen fixation as source of N. However, under acid soils, the population of rhizobia bacteria is reduced and consequently nodulation and N fixation is impaired. This affects negatively on crop nutrition and yields. Therefore, liming acid soils for legume production improves soils condition for microorganism development. Mineral fertilizers increase nutrient availability in the soil solution since they are readily available, and the addition of organic matter acts as supply of microorganism"s food enhancing their population and therefore mineralization (Crawford et al., 2008) .
Moreover, Workneh (2013) in South Western Ethiopia also found positive response of soybean grain yield to lime application combined with Bradyrihizobium and Nfertilizer. Likewise, Zerihun and Tolera (2014) reported that increased faba bean yield ranging from 11% to 23% as the function of increasing lime application rates up to 6 t ha -1 . Mesfin et al. (2014a, b) and Hirpa et al. (2013) also observed that considerable differences among common bean genotypes as a result of lime application. For this reason, particularly for western Ethiopia we call up many studies on acid tolerant legume cultivars and Rhizobium strains and soil acidity amendment experiments to achieve intermediate pH at which availability of essential plant nutrient increased.
MACRONUTRIENTS Nitrogen
Nitrogen (N) is essential for plant growth, participating in several metabolic pathways and in the synthesis of molecules such as proteins, nucleic acids, hormones, and chlorophyll (Saturno et al., 2017; Bruijn, 2016) .
Attempts to supplement N 2 fixation using inorganic fertilizer have not been successful because the addition of fertilizer-N tends to substitute for, rather than supplement, N 2 fixation. Nevertheless, it is generally accepted that symbiotically fixed N 2 is inadequate for realizing maximum seed yield, and that an application of small amounts of "starter" fertilizer N is needed to establish seedlings and promote early dinitrogen fixation (Sogut et al., 2013) . However, application of large quantities of inorganic N inhibits the growth of rhizobia, nodulation and dinitrogen fixation (Coskan and Dogan, 2011) . Herridge et al. (1984) and Goi et al. (1993) stated that under soils low in mineral N, a moderate dose of starter-N has been demonstrated to stimulate seedling growth and subsequently N-fixation. Similarly, Hansen (1994) reported that inorganic N is required by legume plants during the "nitrogen hunger period" for their nodule development, shoot and root growth before the onset of N 2 -fixation process.
On the other hand, presence of high N levels in the soil inhibits both nodule formation and nitrogenase activity (Saturno et al., 2017) . Weisany et al. (2013) reported that mineral N in the soil inhibited symbiotic nitrogen fixation but it was relative to start of nodulation and N 2 fixation at early vegetative growth at low concentration. It is a wellestablished fact that, when legumes are grown in soils high in available nitrogen, the nitrogen fixation rate is reduced (Solomon et al., 2012; Saha et al., 2017 ) . Inhibitory effect of nitrate causes the reduction of capillary roots development as well as preventing particular infection"s strands, indicating a shift from symbiotic to inorganic N nutrition (Coskan and Dogan, 2011) . Therefore, it is possible to apply small amounts of soil N fertilizer, which may increase yield without reducing the amount of nitrogen fixed (Figure 1 ).
Phosphorus
Phosphorus is used in numerous molecular and biochemical plant processes, particularly in energy acquisition, storage and utilization. P plays an important role in N-fixing process, as adenosine tri-phosphate (ATP) is required in large quantities for legumes to undergo N 2 fixation (Mmbaga et al., 2014) . The deficiency of phosphorous supply and availability remains a severe limitation on nitrogen fixation and symbiotic interactions. Availability of phosphorus in the soil influences the efficiency of Rhizobium that fixes atmospheric nitrogen in association with nodulating legumes as it is directly involved in BNF via legume-Rhizobium symbiosis. This has attracted considerable research attention world-wide due to its economic viability for resource poor farmers and environmental friendliness (Mahamood et al., 2009; Mmbaga et al., 2014) . Phosphorus influences nodule development through its basic functions in plants as an energy source. Furthermore, P increases the number and sizes of nodules and the amount of nitrogen assimilated per unit weight of nodules. Its deficiency in legume plants results in reduced nodule mass, N fixation, and low yield. In western parts of Ethiopia, low soil P availability, due to soil acidity and its high fixation, is a limiting factor to crop production (Zerihun et al., 2015; Abebe, 2017) .
Potassium
Potassium plays an important role in the process of nitrogen fixation (Nyoki and Ndakidemi, 2016) . Potassium is essential in photosynthesis, as it maintains and balances the electrical charges at ATP production site, and also helps to promote translocation of photosynthetic substances (carbohydrate) to storage organs (fruits or roots) (Uchida, 2000) . It facilitates cell division in young meristematic tissue, due to its effect on plant cell turgor and permeability. It is probably best known for its role in the opening of the stomata in the leaves and hence its role in regulating the rate of transpiration (Mmbaga et al., 2014) . Due to its essentiality in facilitating plant growth and its function in photosynthesis, potassium application in legume-based production field is inevitable. However, there is no information on legume response to potassium fertilizer in Ethiopia in general and in western Ethiopia in particular because soil test based results showed no deficiency of potassium in Ethiopian soils.
Calcium
Calcium applied to legumes enhanced root development, attachment of rhizobia to root hairs and root nodulation. Inhibition of nodulation is a major limiting factor in N 2 fixation of many legume species grown in acid mineral soils. Increase in soil pH by liming is therefore very effective in increasing nodule number, for example in common bean (Bambara and Ndakidemi, 2010) . A requirement of calcium has been demonstrated during nitrogen assimilation by cyanobacteria and some species of Azotobacter (Saha et al., 2017) . Weisany et al. (2013) reported that legume plants under N 2 fixing symbiosis, Ca 2+ deficiency decreased nitrogen fixation in nodules and also affects attachment of rhizobia to root hairs and nodulation. Similarly, Hirpa et al. (2013) and Zerihun and Tolera (2014) reported the significant response of common bean and faba bean to the lime application in western Ethiopia. This might be due to the increased availability of calcium which in turn enhances the attachment of rhizobia to root hairs. Therefore, the availability of Ca 2+ is an important factor in BNF process.
Sulfur
Sulfur is an essential element for growth and physiological functioning of plants. The sulfur containing amino acids cysteine and methionine play a significant role in the structure, conformation, and function of proteins and enzymes in vegetative plant tissue (Tabatabai, 1986) . Sulphur deficiency may also decrease N 2 fixation by affecting nodule development and functions, reduce leghemoglobin concentration in nodules, and lower ATP concentrations in bacteroids as well as in mitochondria of root nodules. Sulphur is important for nitrogenase activity because the smaller of the two oxygen-sensitive non-heme iron proteins contains a single Fe 4 S 4 . Besides nitrogenase, the activities of other important enzymes involved in N 2 fixation, such as phosphoenolpyruvate (PEP)-carboxylase, malate dehydrogenase or glutamate synthase, are also reduced when S supply is inadequate.
MICRONUTRIENTS Molybdenum
Molybdenum is required to the Rhizobium bacteria for proper function of nitrogenase enzyme which involved in nitrogen fixation. Again molybdenum is the cofactor for the enzyme nitrate reductase which involved in nitrogen assimilation (Alam et al., 2015; Chatterjee and Bandyopadhyay, 2015) . Therefore, plant N metabolism is closely related to the Mo concentration in soil, especially for leguminous plants (Alam et al., 2015) . The application of molybdenum in deficient soil encouraged nitrogen fixation and nodule formation (Rahman et al., 2008) . Due to this relationship, Mo-deficient legumes show an unusual proliferation of nodules, which in turn leads to N deficiency (Marschner, 2011) . In acid soils, Mo bioavailability is reduced by the interaction of molybdate (MoO 4 2-) with Fe oxides and organic matter (OM) (Makoi et al., 2013) . Supplying Mo will not only correct the Mo deficiency manifested in such soils, but also will improve plant growth by enhancing nodulation and N 2 fixation. At maturity, beans receiving mineral N had a higher shoot but lower pod dry weight compared with N 2 -fixing plants supplied with Mo. Therefore, Mo is one of deficient plant nutrients under acidic soil conditions. No study was conducted on the response of legumes to Mo application in western Ethiopia. Thus, there is a need to study the role of Mo on nodulation and nitrogen fixation, particularly for western Ethiopia.
Iron
Legumes, which develop a symbiosis with nitrogen-fixing bacteria, have an increased demand for iron. Iron is Dabessa et al. 127 required for the synthesis of iron-containing proteins in the host, including the highly abundant leghemoglobin, and in bacteroids for nitrogenase and cytochromes of the electron transport chain (Brear et al., 2013) . Iron is an essential nutrient for both legume and its root nodules. Nitrogen fixation it is a component of several enzymes such as nitrogenase, the electron carrier ferredoxin, leghemoglobin and several hydrogenases. The heme component of leghemoglobin has a particularly high Fe requirement (Brear et al., 2013) . Therefore, Fe is needed in greater amounts for nodule formation than for host plant growth. Although Fe deficiency does not significantly affect shoot growth in peanut, it severely decreases nodule mass, leghemoglobin concentration, number of bacteroids and nitrogenase activity, compared with plants treated with foliar Fe.
Boron
Legume crops required more amount of boron compared to most field crops as boron plays vital role in proper development of reproductive organs. Its deficiency leads to sterility in plants by malformation of reproductive tissues affecting pollen germination, resulting in increased flower drop and reduced fruit set. Again, the boron deficiency could hamper the response to applied nitrogen because nitrogen aggravates the boron demand of the crop (Chatterjee and Bandyopadhyay, 2015) . Particularly, legume crops require B in relatively high concentrations for nodule development. The B concentration in nodules is about four to five times higher than in roots. Boron is required for the development of infection threads and nodule cell invasion. In absence of B, the binding of rhizobial cell surfaces to the infection thread wall is inhibited; bacteria cannot progress through the infection thread (Noor and Hossain, 2007) . Boron deficiency also causes abortion of infection threads as well as degeneration of cell walls and the membranes surrounding the intracellular bacteroids. These impairments to nodule development result in decreased N 2 fixation and necrosis.
Cobalt
Severe Co deficiency reduces infection and retards nodule formation whereas nodule growth rate is not affected by Co supply. Moreover, Co is required for the synthesis of leghemoglobin. Cobalt deficiency affects nodule development and function in various ways. For example, in lupins relying on symbiotic N 2 fixation, Co deficiency depresses host plant growth but not nodule mass, which even increases. The most sensitive indicator of Co deficiency is the bacteroid content of nodules. Similarly, Saha et al. (2017) indicated, organisms making use of N 2 must have cobalt available to them, although a lesser concentration of this element may be required for growth on combined nitrogen.
Nickel
Nickel (Ni) is an essential micronutrient required for plants" metabolism due to its role as a structural component of urease and hydrogenase, which in turn perform nitrogen (N) metabolism in many legume species. Seed treatment with cobalt, molybdenum and Bradyrhizobium strains has been widely practiced to improve crops (Lavres et al., 2016) . Additionally, seed treatment together with Ni fertilization of soybean might improve the efficiency of BNF; boosting seed dry matter yield, and N content. Seed dry matter yield, aerial part dry matter yield and BNF increased, respectively, by 84, 51 and 15% in relation to the control plants at 45 mg kg -1 Ni via seed treatment (Lavres et al., 2016) .
BIOTIC FACTORS

Quality of inoculants
The rhizobia involved in nodulation can influence the percentage and amount of nitrogen fixed by the legume/Rhizobium symbiosis. The effectiveness of BNF depends on the management of other inputs such as nutrient availability, population of rhizobia and soil pH (Keyser and Li, 1992; Ukovich et al., 2008) . The process of BNF by legume nodules requires large amounts of P, and its availability is a primary constraint to N 2 fixation (Danso, 1992) . Deficiencies of soil nutrients, especially P may restrict the development of a population of free-living rhizobia in the rhizosphere, limit the growth of the host plant, restrict nodulation itself, and cause an important nodule function (Danso, 1992) . Moreover, limitation of N mineral in the soil tends to enhance fixation by legumes including soybean (Ukovich et al., 2008) . The population and activity of rhizobia is highly influenced in acid soils, affecting directly N fixation (Jones and Giddens, 1985) . Nodulation of legumes is also affected by the native rhizobial population in the soil. Lack of effective rhizobial strains in the soil restricts nodulation and proper growth of legumes. Currently, in Western Ethiopia the effectiveness of legume inoculants are very poor. This might be due to the poor quality of inoculants, poor survival during storage and death on the legume seeds after inoculation.
Competitiveness of native rhizobia
The proportion of the nodules formed on a particular host is influenced by the competitive ability of an inoculated Rhizobium strain in comparison to indigenous strains, which may vary in their effectiveness. The introduction of effective strains of rhizobia depends on the competition for nodules' sites between the introduced strains and the native population of rhizobia. Thus, a key property of an inoculum strain must be the ability to outcompete the indigenous soil bacteria. Triplett (1990) indicates that a high competitiveness of inoculum strains in comparison with native rhizobia strains is as important as the effectiveness of symbiotic nitrogen fixation itself. At field site, well-adapted native strains, with the low nitrogenfixing ability and/or high nodulation ability, may dominate the highly efficient, laboratory-tested inoculated strains (Martensson and Gustafsson, 1985) . Montañez (2000) reported that inoculation attempts failed to improve legume productivity because the indigenous strains occupied the root nodules rather than the inoculum strains. Thus, nodulation competitiveness is the ability of a given strain to dominate nodulation in the presence of other strains of the same species. There is lack of information on competitiveness of legume inoculants with native rhizobia in western Ethiopia. Therefore, there is a need to conduct research on the competitiveness of major legume inoculants that are elite over the indigenous one is important for western Ethiopia.
STRATEGIES TO ENHANCE BNF PARTICULARLY FOR WESTERN ETHIOPIA
Selection of inoculants for tolerance to soil acidity
In Ethiopia, inoculation of food legumes with rhizobial inoculants is not common practice but could provide an option to increase seed yields in low nitrogen (N) acidic soils. In these acid soils, the selection of acid tolerant rhizobia is one strategy that may increase the performance of legume crops (Abera et al., 2016) . However, knowledge about the diversity and symbiotic efficiency of rhizobia nodulating major food legumes in western Ethiopian soils is scanty. Therefore, evaluation of rhizobia strains isolated from Ethiopian soils for their acid tolerance and symbiotic N fixation efficiency is an alternative option for increasing legume yields in western Ethiopia.
Selection of legume genotypes
Genetic stability, especially under conditions of stress factor is essential for any strain recommended for use in commercial inoculants (Hungria and Vargas, 2000) . The amount of nitrogen fixed by legumes varies widely with host genotype, Rhizobium efficiency, soil and climatic conditions and, of course, the methodology used in assessing fixation (Montañez, 2000) . The effectiveness of various legume species and their micro-symbionts has been provided in several publications. As a result, selection of suitable legume genotypes that has an ability to form symbiotic relationships with rhizobia is very important for major legumes that are produced in western Ethiopia.
CONCLUSION
Nowadays, a diversity of legumes including soybean, common bean, groundnut, pigeon pea and cowpea are the major food legume crops that have been produced in sub-humid tropics of western Ethiopia. Biological nitrogen fixation is an important aspect of sustainable and environmentally friendly food production and long-term crop productivity. However, if BNF is to be utilized, it must be optimized. This review focused on the stress factors that limit biological BNF in leguminous crops. Environmental factors affecting nitrogen fixation include temperature, moisture, acidity and several chemical components of the soil such as nitrogen, phosphorus, calcium, molybdenum content and agronomic management practices. In addition to environmental factors, the competitiveness of the rhizobia in forming nodules and the effectiveness of the Rhizobium-host plant to fix N 2 exert a control on N2, fixation. It is often difficult to isolate the effect of the aforementioned factors on inoculation success from their influence on symbiosis and nitrogen fixation. In the near future, particularly in developing countries, tremendous opportunities exist for enhancing the BNF capacity of legumes. Therefore, enhancing BNF by optimizing biotic and abiotic factors that limit BNF is the best option in promoting legume yield in highly depleted soils of western Ethiopia.
